Abstract. Iron-nickel (Fe-Ni) alloy is regarded as the most abundant constituent of Earth's core, with an amount of 5.5 wt% Ni in the core based on geochemical and cosmochemical models. The structural role of nickel in liquid Fe-Ni alloys with light elements such as S or Si is poorly understood, largely because of the experimental difficulties of hightemperature melts. Recently, we have succeeded in acquiring Ni K-edge fluorescence x-ray absorption fine structure (XAFS) spectra of Fe-Ni-S and Fe-Ni-Si melts and alloys. Different structural environment of Ni atoms in Fe-Ni-S and Fe-Ni-Si melts is observed, supporting the effect of light elements in Fe-Ni melts.
INTRODUCTION
The structure of liquid iron-nickel alloys containing light elements such as S and Si, has geophysical implications for the composition of the Earth's outer core. In an earlier ultrasonic study, we found [1] that liquid Fe-Ni alloy containing 8 wt % S exhibits an anomalous positive temperature dependence of compressional wave velocity, in contrast to normal negative behavior of liquids Fe-Ni and Fe-Ni-Si. Structural differences in these melts should account for their acoustic properties, but no structural study has been carried out so far. Nickel is one of the elements expected to find in the inner and outer core of Earth, and is an important trace element in the upper mantle [2, 3] . Understanding the geochemical behavior of Ni in these systems requires knowledge of its structural environment in the melts and in crystals. Mao et al. [4] showed experimentally that an iron-nickel alloy, Fe 80 Ni 20 , has virtually the same high-pressure compression behavior as pure iron up to 300 GPa at 300 K, and the presence of nickel is safely ignored in geophysical modeling of the core [5] . The assumption that nickel is qualitatively similar to iron in the FeNi alloys may not be valid because of the presence of light elements (S or Si) in the molten state, as implied by the acoustic measurements.
To study the structure of Fe-Ni-S and Fe-Ni-Si melts at high temperature, we have developed a setup, for collecting the high-temperature fluorescence XAFS spectra in a 90° geometry, and present the Ni K-edge XAFS spectra of Fe-Ni-S/Si melts in this paper.
EXPERIMENTAL
The high-temperature furnace was modified from a Leitz 1760 heating stage incorporates two X-ray transparent windows, inner Be window and outer Kapton window with wide open angle for fluorescence mode at 90°. The Be window (99.8% purity, 19 mm in diameter, 0.5 mm in thickness) located between heater and Kapton window is employed as thermal shield to reduce the fatal thermal radiation at high temperature from heater to Kapton window. Both Be and Kapton windows provide good X-ray transmission at the Ni K edge (8333 eV). The chamber of furnace was evacuated to 10 -3 torr. The powder sample was prepared firstly by breaking the Fe-Ni-S/Si alloy by tungsten carbide anvils, grinding the small fraction with agate mortar for thirty minutes and sieving through a 400 mesh (38 µm). The resulting material was then mixed with hexagonal BN powder, pressed into a disc, and embedded in the sample holder machined from hexagonal BN rods.
XAFS spectra of the Fe-Ni-S and Fe-Ni-Si systems were performed at the Ni K-edge (8333 eV) at the GeoSoilEnviroCARS (GSECARS) bending magnet beam-line 13-BM-D, Advanced Photon Source (APS), Argonne National Laboratory. The beam size is focused down to 2.5mm × 1.0 mm on the sample by Kirkpatrick-Baez (K-B) mirrors. XAFS spectra were measured in fluorescence-yield mode using 16-element Ge solid-state detectors [6] .
Each energy scan of XAFS spectrum was collected within 15 min over the energy range 8233 to 8977 eV, with 5 eV in the pre-edge, 0.5 eV steps in the edge region and 0.05 Å -1 steps in the EXAFS region. Several scans were collected at a given temperature for average to increase the signal-to-noise ratio. The similarity of fluorescence and transmission XAS data for the same sample indicates that self-absorption effects were negligible. XAFS data analysis was performed with the Athena and Artemis packages [7] based on IFEFFIT [8] and FEFF [9] programs. Data collected by 16 elements of the solid-state detector for each energy scan were selected and averaged to produce one absorption spectrum for further data reduction performed using ATHENA. Theoretical models were constructed with the program FEFF [10] and crystallographic atomic positions of NiS 2 and bccand fcc-NiFe, which were obtained by modifying the FEFF files of bcc-and fcc-Fe, respectively. Models were fit to the data by using the fitting routine FEFFIT [11] in ARTEMIS [7] , which also performs error analysis and calculates the goodness-of-fit parameters. Å -1 for RT and to 10 Å -1 for 1327°C data, respectively. These k ranges were chosen to obtain a Fourier transform with negligible spurious peaks below the anticipated lowest Ni-S and Ni-Si distance. The radial structure function |FT(χ)| for Fe 75 Ni 5 S 20 at room temperature shows one strong peak at the start (r ~ 2.1 Å), followed by weak peaks at higher distances. In the case of Fe 75 Ni 5 Si 20 , there are strikingly two major peaks in the first shell. One of these major peaks at ≈ 1.8 Å (not corrected for phase shift) corresponds to NiSi contribution, whereas the second peak at 2.4 Å is attributed to Ni-Fe coordinations. For the Fe-Ni-Si melt at 1327°C, the primary peak, located at about 1.7 Å, is primarily due to the scattering from the silicon in the first shell, and there is a sudden loss in the contribution of the Ni-Fe first neighbors. For the FeNi-S alloy at RT, the main peak and the shoulder on the left-hand side are due to contributions from iron and sulfur. The presence of a new peak at ≈ 1.6 Å in the melt implies to the emergence of sulphur in the first-neighbors around Ni atoms.
RESULTS AND DISCUSSION
Quantitative analyses were performed on the first shell of the radial structure function between R = 1.0 and 3.0 Å, using theoretical scattering paths, which were generated with the FEFF code implemented in ARTEMIS. The structural parameters shown in Table  1 are obtained from the ARTEMIS analysis in terms of the first scattering paths of Ni-S, Ni-Si, and Ni-Fe from NiS 2 , NiSi 2 , bcc-NiFe and fcc-NiFe for RT and 1327°C, respectively. The shift from E 0 was set as the same for Ni-S and Ni-Fe, while the coordination
numbers, the distance (R), Debye-Waller factors (σ 2 ) were treated as free parameters. As shown in Table 1 Table 1 ). However, with increasing temperature, a progressive loss of the next-nearest Fe neighbor's contribution is observed. This signal is extremely weak at 1327°C. In contrast, the main signal arising from Si's first neighbors remained detectable up to 1327°C. 
